eukaryotic organisms, including plants, nematodes, insects and vertebrates, but appear to be absent in yeast. At the sequence level, Piezos show little homology to any other known ion channels. These proteins contain 24-36 putative transmembrane segments, reminiscent of the structure of voltage-gated sodium and calcium channels that comprise fourfold repeats of six transmembrane segments. Piezo1 and Piezo2 clearly represent a new class of membrane proteins.
The identification of Piezo1 and Piezo2 raises many interesting questions about the role of these proteins in mechanosensation. First, do Piezo proteins form the pore of a mechanosensitive channel(s)? The lack of homology in Piezos to known channel proteins and the presence of dozens of transmembrane segments make it a daunting challenge to pinpoint the channel pore. Nevertheless, the fact that overexpression of Piezos in heterologous cells can largely recapitulate the properties of endogenous mechanosensitive currents makes it highly likely that Piezos line the channel pore. It also suggests that Piezos can function largely on their own without a special requirement for auxiliary subunits. Second, Piezo2 appears to be specifically required for the rapidly-adapting mechanosensitive conductance in DRG neurons. So which channels are responsible for the intermediately-and slowly-adapting mechanosensitive currents in these neurons? Are they mediated by Piezo1 or by ENaC/DEG and TRP family channels? It will also be interesting to examine the phenotypes associated with Piezo knockout mice. Third, if Piezos are expressed in hair cells, do they contribute to the formation of the long-sought mechanotransduction channels that detect sound waves in the inner ear? Finally, the cloning of Piezos highlights the power of RNAi-based screening in identifying mechanosensitive channels. Similar approaches could be applied to other cell lines that express distinct types of mechanosensitive conductance. The work by Patapoutian and colleagues [4] heralds a new era in the study of mechanosensation. Marine Connectivity: Timing Is Everything
Marine populations are connected through planktonic larvae that are dispersed at the whim of currents. But, living together does not mean dispersing together: connectivity depends not just on where you breed, but also on when you breed.
Christopher D. McQuaid
The critical difference between land and the sea is that terrestrial organisms live in air, while marine species live in water. Now, this is neither as trite nor as trivial as it sounds. The physiological implications are obvious: problems of desiccation, gas exchange, temperature regulation and so on will be different. But, there are other, equally profound consequences: the concepts of time and place are fundamentally different. This is the message from a paper in this issue of Current Biology by Carson and co-workers [1] : two closely related marine species with overlapping distributions show completely different larval dispersal and population connectivity because they spawn in different seasons.
Regarding the ecological differences between land and water, consider the humble plant. On land, given enough light and water, plants flourish where there are sufficient nutrients. Once nutrients are locked up in plant biomass, re-cycling becomes important and this usually happens in situ, in the soil around the plant. Alternatively, some bacteria can fix atmospheric nitrogen, so that the relationships among plants, symbiotic bacteria and grazers can drive community dynamics and shape the entire community [2, 3] . In the sea, however, photosynthesis and nutrient re-cycling are totally uncoupled. Photosynthesis takes place in the top 100 m of the ocean, where there is light, while re-cycling takes place kilometres lower down in the ocean depths where bacteria can do their work undisturbed.
Or, consider predator-prey relationships: our understanding of these is shaped by the fact that we are a terrestrial species. The idea that predators can drive prey populations down, only to crash in their turn, allowing predator-prey cycling, depends on predators being able to control prey numbers. In the sea, transport of prey from distant sources can allow huge predator populations to persist in the absence of standing prey stocks [4] . In such situations, predators cannot regulate the supply of their prey so that predator-prey cycling does not occur.
But perhaps one of the most critical differences between land and sea is that for most terrestrial species, parents and offspring tend to be geographically linked. For wind-dispersed organisms and the 80% of bottom-dwelling or benthic marine species with planktonic larvae, this is not the case. The word 'planktonic' comes from the Greek meaning 'wandering' and such larvae definitively have little or no control over where they end up. Ecological and genetic connectivity among populations is based not on migration or the movements of adults, but predominantly on the dispersal of plankton.
In evolutionary terms, the planktonic larvae of marine animals seem to be both ancient and conserved [5] . They can feed while floating, and shift rapidly to benthic life by metamorphosis involving loss of larval characters with little new gene action [6] .
There is evidence that, small as they are, planktonic larvae do not behave as passive particles. They can exhibit behaviour that influences their dispersal, for example by swimming vertically [7] . Still, the fact remains that when you are only micrometers in length and are afloat in water moving at rates of multiple body lengths per second, then passive transport will usually trump behaviour [8] . If transport by ocean currents really is critical, then connectivity must depend very much on where on the planet you are, and this does seem to be the case. As it is virtually impossible to track individual larvae because they are microscopic, we generally depend on indirect methods to estimate dispersal distances. Estimates can range from thousands of kilometres (based on the ability of animals to colonise remote islands [9] ) to just kilometres in areas where the winds driving surface currents show frequent reversals [10, 11] .
But connectivity depends on timing as well as place. The water flow that disperses larvae changes all the time: tides come in and go out, surface currents change with the wind and even major current systems like the Gulf Stream or the Agulhas Current meander over time. And it is this effect of timing on marine connectivity that Carson et al. [1] demonstrate in their paper. Carson et al. [1] used an indirect approach to estimate dispersal of larvae of two mussel species. The approach involves using trace elements in the larval shell to identify Figure 1 . Two stages in the life of mussels: planktonic dispersal and benthic adult life. Upper panel: Mussel recruits viewed under ultra violet light. The individual in the centre has been stained with the fluorochrome calcein. Mussel larvae recruit out of the plankton at a shell length of 2-400 mm after a planktonic period of 3-6 weeks. Photo by C. von der Meden. Lower panel: Adult mussels are important space-occupying ecological engineers, providing habitat for a wide range of invertebrates. Photo by G. Zardi. a probable point of origin (Figure 1) . The concept has been around for some time, but making it work is another matter. The calcified shells laid down by larval bivalves include trace elements deposited in ratios that reflect the water masses where they developed [12] . If there are sufficient differences in the elemental signatures of sites, then larval shells are effectively tagged by their point or origin. With this approach, Carson et al. [1] examine larval exchange for two co-occurring mussel species in California over two years, matching this with field measurements of water currents. The two species overlap in their distribution and their larvae disperse in the same largely passive way, moving in similar directions at similar speeds. However, and this is critical, the two species breed at different times. The consequence is enormous because local currents show strong seasonality (to the north in autumn and to the south in spring). Therefore, their populations show completely different connectivity and completely different source-sink dynamics: one species shows peak breeding in autumn, with southern populations acting as larval sources and northern sites as sinks. The other species breeds mainly in spring and shows exactly the reverse pattern.
Benthic animals like mussels are heavily overexploited as food in many parts of the world and the commonest management tool is the Marine Protected Area which should act as a supply point, providing spill-over of larvae to exploited populations. Unfortunately, these findings make the design of marine protected areas more difficult by clearly showing that we cannot make assumptions about connectivity by extrapolating from one target species to others. Simply, a marine protected area may function excellently for one species, but not others that co-occur with it. The best hope is to design reserves around the needs of a foundation species that provides a habitat for many others, such as mussels (Figure 1 ), but as Carson et al. [1] show, even this is complicated by subtle differences in basic biology.
Perhaps most critically, Carson et al. [1] point out that the timing of reproduction responds to abrupt changes in seawater temperature and phytoplankton availability. The timing of both is likely to differ from year to year, and indeed to change over longer time periods in response to systematic changes in global climate. Whatever scale you look at, timing is everything.
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The controlled efflux of nucleotides, including ATP and UTP, across an intact plasma membrane is only poorly understood to date. Whereas it is well established that neurons and neuroendocrine cells liberate ATP via classical mechanisms involving Ca 2+ -dependent exocytosis of specialized secretory vesicles, non-excitable cell types locally release ATP via non-lytic mechanisms that do not involve obvious exocytosis. In this context, various membrane transport proteins or functionally characterized permeability pathways have been suggested to act as ATP channels, including some ATP-binding cassette (ABC)-family transporters, volume-regulated anion channels, plasma membrane variants of the mitochondrial voltage-dependent anion-selective channel (VDAC), porins, and maxianion channels [1] . Additionally, hemichannels composed of protein subunits from the connexin or the pannexin family have been reported to be involved [2] . A recent report in Nature by Chekeni et al. [3] now sheds more light on the mechanisms underlying nucleotide release in the very special context of apoptosis. After their previous work showing that extracellular ATP and UTP can function as apoptotic 'find-me' signals for the recruitment of monocytes [4] , the group of Kodi Ravichandran has now addressed the question of how these nucleotides are
